Background: Exit examinations in medicine are 'high stakes' examinations and as such must satisfy a number of criteria including psychometric robustness, fairness and reliability in the face of legal or other challenges. Aims: We have undertaken a critical review of the exit examination from the University of Adelaide focussing on the written components. This examination consisted of an objective structure clinical examination (OSCE), a multiple choice question (MCQ) paper and a modified essay question (MEQ) paper. Methods: The two written papers were assessed for item writing flaws and taxonomic level using modified Bloom's criteria. Curriculum experts independently assessed adequacy of the examination for validity and fidelity. Results: The overall examination had good fidelity and validity. The results of the MEQ and MCQ were strongly and positively correlated and there was a weak negative correlation between these papers and the OSCE. The MEQ had a higher proportion of questions focussed on recall of knowledge and the questions were more structurally flawed compared with the MCQs. The MEQ re-marking process resulted in lower scores than were awarded by the original, discipline-based expert markers. The MEQ paper failed to achieve its primary purpose of assessing higher cognitive skills. Conclusion: The University of Adelaide's MBBS programme has since dropped the MEQ paper from its exit examination and is evaluating in its place the Script Concordance test.
Introduction
The exit examinations of a medical programme are the means by which the graduate is assessed to be sufficiently and suitably competent and knowledgeable to allow safe practice in a supervised capacity as an intern, where students will continue to learn and refine their skills.
To make such an assessment the examination must be structured to ensure that students have adequate core knowledge and understanding of each discipline of the course and show proficiency in the key competencies associated with those disciplines. Students will 'learn' what they think they will be assessed on.
Traditionally, these exit examinations contain both a written and a clinical component. The written component tests and measures knowledge and understanding whilst the clinical component assesses practical skills and competence. In efforts to ensure fairness, objectivity and to minimise the logistical burden of setting and running these examinations, current examination processes often involve multiple choice questions (MCQs), some form of short answer question and a structured circuit of short clinical stations. The MCQ (and its many variants) has often been considered to test factual recall and the short answer question an opportunity to test logical thinking, judgement and application (Stratford & Pierce-Fenn 1985; Wass et al. 2001) .
Students are well aware that the exit examination is a high stakes process and failure may lead to exclusion from the programme, financial hardship and emotional trauma. Apart from setting a target for study and achievement, this exit
Practice points
. MEQs are often included in examinations to test higher order cognitive skills. MCQs are often regarded as testing knowledge recall only. . When measured against Bloom's taxonomy, MEQs developed for a higher education assessment primarily tested lower order cognitive skills such as recall of knowledge. . MCQs in the same assessment were found to be more likely to test higher order cognitive skills such as analysis and management. . Many items in the MEQ and MCQ assessment suffered from IWFs and those in the MEQ were deemed more significant. . Marking guides developed for the MEQ assessment were inadequate and lead to inconsistencies in marking. . The MEQ was deemed to be an unsuitable assessment instrument and has been replaced by material in the script concordance format.
examination is itself a target for those who fail and seek to challenge the assessment process. It behooves the examining institution to have an assessment process which has sufficient psychometric and statistical robustness to withstand these potential challenges and be confident that fairness is seen to prevail. All assessments involve considerable time, effort and expense in their development, organisation, running and marking. A MCQ paper can be laborious to construct, but its marking is usually relatively easy. The short answer or modified essay question (MEQ) paper on the other hand can be easier to develop but is always much more onerous and difficult to mark (Lockie et al. 1990 ). Both formats have been criticised for their inability to consistently and rigorously test clinically relevant material to the high standards of a medical graduate where the emphasis is expected to be on assessment of the higher cognitive skills (Ferguson 2006; Epstein 2007; Palmer & Devitt 2007) .
We have undertaken a study to assess the robustness of an exit examination with a critical analysis of the quality of its two written components (MCQ and MEQ) and an analysis of the validity and fidelity of the examination as a whole and of its three components.
Methodology
The exit examination for students at the University of Adelaide is held at the end of the fifth year of study, which coincides with the end of the second year of intense clinical exposure. At the end of 2007, the examination consisted of one MCQ paper of 180 questions undertaken over 3 h, a 15-question, 62-part MEQ paper over 3 h and an objective structure clinical examination (OSCE) of 18 questions over 2.1 h. The quality of the written (MCQ and MEQ) components of the 2007 examination, taken by 146 students, was analysed with regards to flaws in the questions or marking schemes and the level of cognitive ability tested. The validity and fidelity of the MEQ, MEQ and OSCE were also analysed.
The three components (MEQ, MCQ and OSCE) of the exit examination were set using a blueprint developed by the MBBS Curriculum Committee that broadly covered the clinical and basic science material in the first 5 years of the MBBS Programme. The OSCE examination was designed to assess history-taking, examination, test interpretation, management, counselling, simple clinical procedures, clerking and interactional skills. The two written papers were intended to assess knowledge of clinical and basic science with an emphasis on application to clinical problem-solving. The content of the examination was determined by representatives from the Disciplines of Medicine, Surgery, Paediatrics, Obstetrics and Gynaecology (O&G), Psychiatry, Pathology and General Practice (rural and urban).
MCQ question selection
Seventy-six percent of the MCQs were made available from the Australian Medical Council (AMC) (Australian Medical Council 2009) and were chosen from a bank of previously used questions on the basis of content and satisfactory point biserial analysis (40.20). These questions had undergone a comprehensive review process by the AMC, were selected for possible inclusion by a multi-disciplinary panel, and were finally assessed by a representative from each discipline group of the university for appropriateness to the curriculum before acceptance for the exit examination. The remaining questions had been developed by staff of the university and had been used in previous years' examinations. These questions also had satisfactory point biserial data and had all been evaluated by multi-disciplinary panels within our faculty.
MEQ question selection
The MEQs were submitted by Disciplines and reviewed in a workshop attended by between 4 and 11 discipline experts per question. Some groups included senior representatives from a sister medical school and/or from clinical staff employed in South Australian Teaching Hospitals who were involved in the teaching of medical students. In construction of the MEQs, a request was made that each question contain at least one aspect of basic science. Questions were reviewed by members of the broad Discipline group (i.e. physicians reviewed internal medicine questions, obstetricians reviewed obstetrics questions, etc.). Questions were first edited for clarity of language, appropriateness to the curriculum, and appropriateness of weighting and accuracy of the marking template. Changes to the questions and marking template were made as required and a modified Angoff method was then employed to determine the borderline mark for each question. This involved a moderate discussion of the expected performance of the borderline candidate, confidential and independent recording of the expected borderline score by each member of the group for each part of the question, discussion of the range of de-identified scores, and concluding with a second round of confidential and independent scoring to be used as the final borderline score. Marking was arranged using whatever internal process the relevant disciplines deemed appropriate. For 14 of the 15 questions, this involved a single, senior examiner marking a question and for one discipline multiple examiners were used. All markers were experts in the relevant discipline.
Analysis of the MCQ and MEQ papers
The study began after the examination results were notified to the candidates. The research team consisted of three university academics, each with at least 8 years of experience in marking examinations and one Year 6 student who had recently passed the examinations (RR). Two of the academics were clinical experts in the field of Surgery (PGD) and Obstetrics and Gynaecology (PD). The other (EP) was from a non-clinical background. Each marker remarked the entire MEQ examination using the provided templates. Each marker was given instructions to follow the marking template as closely as possible. The margins of the MEQ answer sheets were covered to obscure the original marker's score.
Each question in the written papers (MCQ and MEQ) was analysed by each of the markers to test for item writing flaws (IWFs) ( Tables 1 and 2 ) (Palmer & Devitt 2006 ) and using a (Bloom 1956) . A schema was developed to address flaws in the marking template for the MEQ (Table 4 ). The analysis required that initially each marker independently evaluated every question and this was followed by a group analysis where differences were discussed and a group consensus was reached.
The MEQ paper was scrutinised for inter-marker reliability and in particular focussed on those students at the pass-fail boundary, where marking or assessment issues are likely to have the greatest impact. A repeated measures ANOVA test was used with the Tukey post hoc test to look for differences between markers.
To obtain an understanding of the validity and fidelity of the examination, a total of 13 experts in the curriculum covering the range of clinical disciplines were approached. One declined to participate, and two who completed the survey were unable to comment in relation to the curriculum as a whole and were excluded from the analysis. The results are reported for the remaining 10 experts.
The experts were provided with a summary of each component of the exit examination.
. For the MCQ, the summary identified the discipline and described the theme and topic for the 180 questions; . for the MEQ, the topic description for the 15 questions and a short summary of the 62 component parts to the questions was provided; . for the OSCE, the discipline was identified and a short summary of the tasks for each station was provided.
The experts were invited to provide free responses in relation to the assessments and asked to rate the validity and fidelity of the components of the exit examination and the examination as a whole, as follows.
Validity
(1) How adequately does the (MEQ, MCQ and OSCE) examination sample the breadth of the curriculum? (2) Overall, how adequately do the combined exit exam components sample the breadth of the curriculum? The possible responses were: very adequately; adequately; neither adequately nor inadequately; inadequately; very inadequately. Responses of 'very adequately' or 'adequately' were combined for the analysis and regarded as being in agreement that the validity or fidelity was satisfactory. All other responses were regarded as unsatisfactory.
Results
The research team each required approximately 3 h per question to mark the 15-question MEQ paper. The results of this marking compared with the original marking are shown in Table 5 . All markers showed significant differences between their marking and the original marks allocated in seven or more of the 15 questions, and all markers provided a median mark significantly different from that provided by the original marker. (Table 5) The mean difference over the entire examination ranged from 4.0 to 8.8 marks below the original mark out of a total possible 180 marks. The expert in Surgery marked significantly differently to the original expert marker in two of three surgical questions. The expert in O&G did not mark significantly differently to the original expert marker in the two O&G questions. The modified Bloom's categorisation of the MCQs and MEQs (Table 6) shows that there was a greater proportion of MEQs testing lower level cognitive skills than MCQs ( p50.0001, Fisher's exact test) ( Table 7) . Over half of the MCQs were judged to be assessing level 2 or higher cognitive skills, whereas more than three quarters of the MEQ stages were deemed to be testing knowledge only (Table 7 ).
The MEQ paper had a significantly greater proportion of IWFs ( p ¼ 0.0002, Fisher's exact test) ( Table 7) . Sixty-four percent of the MCQs were without flaw (Table 8 ) compared with 51% of the MEQ stages (Table 10 ). Sixty percent of the MEQs had at least one marking scheme flaw (Table 9) . Table 10 shows the effect on pass/fail decisions of variations in marking of the MEQ paper between the four examiners (Column 1). Column 2 records the number of candidates whose official score was !50% and who scored 550% in the remark. The University of Adelaide will allow candidates who score 45-49% in this examination to proceed to Year 6 provided they pass the other exit assessments. 'Critical' means that the student moves from a D to an E grade and would thus fail the year purely on this result. 'Could be critical' means the student moves from a C to a D grade and could fail the year but only if a D grade was received in one of the other exit examination assessments. 'Not critical' means a reduction in grade that could have no effect on pass/fail decisions.
Results: Validity and fidelity of the exit examination
Seven of the 10 experts felt that overall the exit examination had satisfactory validity and six experts felt that overall the exit examination had satisfactory fidelity (Table 11) . For the components of the exit examination, it was notable that only For personal use only.
four experts felt that the MEQ had satisfactory fidelity and only three experts felt that the MCQ had satisfactory fidelity. Experts were evenly divided regarding the validity of the MEQ. The free responses are summarised below:
. The assessments have not sampled adequately knowledge and understanding of public health and health systems and evidence-based practice.
. There is an under-representation of topics from certain subspecialties and an over-representation from others. . Discipline-based examinations would be better. . The exit examination should be considered as a whole. . The availability of good questions is dependent on the availability of staff to write them. . Core areas and goals of the curriculum need to be redefined in relation to the initial career path (hospital intern) of the graduates. . Fidelity would be improved by additional clinical examinations held throughout the year.
The reliability and correlation coefficients for the three components of the Year 5 exit examination are shown in Table 12 .
Discussion
The combination of the MCQ, MEQ and OSCE examinations showed an assessment with high validity (sampling the breadth of the curriculum) and moderate fidelity (reproducing the challenges of clinical medicine) as adjudged by experts in the curriculum. This is a reflection both on the efforts of the contributors to the examination and the rigorous organisational efforts involved in setting a critical examination. The reliability of each of the examination components was satisfactory. It is quite reasonable to expect high reliability from 3 h written papers and this was observed with the Cronbach alpha reliability coefficient of 0.84 for both the MCQ and MEQ. The Cronbach alpha for the 2 h OSCE paper was 0.58 and just below bounds described in the literature for that length of assessment (Schwartz et al. 1998) .
In terms of validity the individual examinations scored less well than the combined assessment. This is expected because the exit examination was structured so that its three component examinations complemented each other. Our data indicate that this combined approach was successful in the exit assessment that we have evaluated.
The curriculum experts were less generous in their views regarding the fidelity of the overall assessment and its components. This is possibly a reflection on the rules of the assessment that requires inclusion of basic sciences, which may not necessarily be directly clinically relevant, in the MEQ and MCQ papers. Alternatively, this could reflect an opinion that the number of questions was insufficient to achieve reasonable fidelity, but that is a less plausible explanation as the validity was acceptable and reliability statistics for the assessments are good. Another interpretation is that the experts were unreasonably harsh in their judgement of the written papers, particularly the MCQ paper. The poor rating for fidelity of the MCQ paper was unexpected because the majority of the questions in that paper were clinical questions that had been obtained from the AMC. These questions had undergone a rigorous quality control process in the construction of the questions, and had been shown to perform well in the AMC examination cohort (overseas trained doctors seeking registration to practice medicine in Australia) before being selected for our MCQ assessment. In addition to the AMC quality process, the MCQ questions were reviewed by our experts in the Note: n, number of students in each category. appropriate disciplines before inclusion in the exit examination and were considered to be appropriate to the curriculum and clinically relevant. Our data show that the MCQ questions performed well in the modified Bloom's analysis. We did not provide our psychometric experts with copies of the MCQ questions (forbidden by confidentiality agreements with the AMC) and it is possible that our description of the MCQ questions failed to convey the quality and content of the questions adequately. It is also possible that there was a belief in our pool of experts that MCQs are not appropriate ways of testing, perhaps because there is a strong school of thought that MCQs can only test knowledge. The curriculum experts identified gaps in the assessment that are most likely related to the broader strengths and weaknesses of the MBBS programme (which is dependent on the interest and availability of academic and clinical staff to undertake teaching and assessment). The value of an exit examination versus discipline-based assessments was raised. Whether disciplines would mount better examinations is debateable, particularly as the effort required to generate reliable assessments requires assistance that may not be afforded within individual discipline budgets. It is very doubtful in a programme of this size that all clinical disciplines have enough experts to undertake satisfactory question preparation and analysis or enough academic and clinical staff to run independently the number of questions required for clinical examinations. In contrast, there are a number of strengths of the multi-disciplinary exit examination, including cross-disciplinary checks on the quality of questions, having a larger pool of interested people from which to derive input on to assessments, and enhanced professional development of staff to participate in the assessment workshops.
The re-marking of the MEQ examination, which strictly followed the templates provided, resulted in a consistent grading some 3% below the official grading by discipline experts. Two of our markers were discipline experts (in Surgery and O&G). One of these experts marked consistently lower in his own discipline's questions than the original marker whereas the other expert marked the same as the original marker. In both cases our experts marked strictly to the marking template. The extent to which this represents individual differences (hawk-dove effect) and differences in the quality of the marking templates for the two disciplines is uncertain. What is certain, however, is that the marking templates overall were not sufficiently comprehensive to permit the use of markers who are not experts in the discipline. This observation has important ramifications in a resource-constrained environment where it is becoming increasingly difficult to identify discipline-based experts who are available to mark papers in a timely fashion.
Ambiguous wording and incomplete marking schemes accounted for 28% and 56% of the item-writing and marking scheme flaws, respectively, for the MEQ. This was despite the fact that the MEQ examination had undergone a disciplinebased modified Angoff standard-setting process earlier in the same year of the examination, part of which included specific analysis of the proposed questions for the flaws mentioned. Thus, despite the best efforts of our faculty, some flaws in the MEQ remained undetected until this study. We cannot determine whether this observation is generalisable or specific to our faculty. We speculate on the basis that a significant number of flaws were also detected in MCQ questions derived from the AMC (and which underwent an extensive quality control process independent of our faculty) that this is a generalisable observation.
In terms of feedback to compilers of these types of examination questions, once these types of flaws can be identified and defined, more effective questions can be produced. It would be possible, for example, to use the IWF and modified Bloom's criteria that we have used in this study in the evaluation of proposed questions. Clearly, questions or marking templates with IWFs would need to be rewritten. It would be possible to categorise questions as types I-III using the modified Bloom's criteria and to use such a categorisation to select a desired taxonomic mix for a particular examination. One difficulty with this approach is the resource implications. Our analysis was laborious and time-consuming and we are sceptical that we could summon sufficient enthusiasm from all the clinical disciplines that need to be involved in this approach if it was to become a routine part of the process of developing questions.
The effects of IWFs on the credibility of an examination have previously been highlighted and suggested as acting in favour of the poorly performing student (Tarrant & Ware 2008) . In situations where there is uncertainty in the marking due to IWFs, examiners may mark in favour of the candidate in the absence of precise guidelines or in the presence of ambiguity. This raises the philosophical issue of the role of expert or discipline-specific markers in high stakes assessment. Such individuals may compensate for marking templates that might not always cover the range of possible and sometimes unanticipated but appropriate responses to written questions, but may err in favour of the borderline candidate. Perhaps a more appropriate observation would be that with such subjectivity, the MEQ should not be used in the high stakes assessment process, but kept for formative assessment. Higher order cognitive skills are an important component of clinical competence and the graduating student should be able to show the appropriate skills of interpretation, analysis and judgement in handling clinical problems. This is the crux of 'expert performance' where individuals are able to display coherent knowledge and an ability to solve problems using their understanding of principles and concepts (Gijbels et al. 2005) . One of the weaknesses of the assessment process in this study was the undue focus given to recall of knowledge at a level in the course where more attention should have been given to measurement of applied knowledge. The MEQ is purported to test higher order cognitive skills (Stratford & Pierce-Fenn 1985) but this study and those of others (Feletti & Smith 1986 ) has shown this is not necessarily the case. In this study over three quarters of all of the MEQs tested lower level cognitive skills, and were essentially knowledge testing items. When compared to the MCQs, which tested knowledge in only 47% of the items, the issue of using MEQs in an exit examination leading to internship must be considered.
The correlation between the MEQ and MCQ examination was particularly high, suggesting that the two components of the examination were testing similar traits. This can be contrasted with the correlation between these examinations and the OSCE, which suggests that the OSCE is testing different abilities and competencies, as would be expected from the structure of these examinations. If MEQs are so difficult to write to effectively test higher order skills and so timeconsuming and variable in marking, it could be argued that their use in development is not an efficient use of valuable faculty time. The high correlation between the MCQ and MEQ casts further doubt on the utility of the latter assessment in the exit examination of the MBBS programme.
One of the problems we have identified with the MEQ paper is the need for expert markers or, if non-expert markers are employed, to have much more comprehensive marking templates. To produce a tight template with no ambiguity, no errors, no vagueness and to include all the possible answers, authors are more likely to create a Bloom level 1 question, rather than one that tests the higher cognitive skills of synthesis and analysis. In practice, it is difficult for experts to predict all the valid possible answers to questions that test higher order thinking. If this is accepted, then it does challenge the notion that MEQs can be written that are reliable and test higher order thinking. This raises the question of whether or not we are capable of testing higher order thinking in a reliable and reproducible way. MCQs provide a potential option (our data offer limited support to that observation), but perhaps more resources should be targeted at more clinically realistic assessments such as OSCEs and ward-based assessments such as the mini-CEX (Norcini et al. 2003) or newer types of assessment such as the Script Concordance test (Charlin et al. 2000) .
Much of the criticism of MCQs revolves around the assertion that they can only test knowledge and much of the appreciation for MEQs relies around the assumption that they test higher order thinking. There is little doubt that IWFs in MCQs can have an effect on student performance (Harasym et al. 1998) . A flawed question is more likely to help the weak student whereas the tough and well-structured question will be difficult for all -the poor students being given a leg-up in the overall examination through better performance in the poorly structured questions. This is not to ignore the effects of IWFs on the credibility of an examination, such as those illustrated by recent research (Tarrant & Ware 2008) , which indicated that IWF's favoured poorer performing students. It is of concern that 36% of MCQs in this study contained IWFs, but this is less than that reported in other studies (Jozefowicz et al. 2002; Stagnaro-Green & Downing 2006) .
Most universities and examining bodies still believe in the principle of an exit examination and for credentialing bodies such as the AMC and the Medical Council of Canada this is the only feasible means of ensuring an appropriate standard of clinical competence. To do this, the examination must meet the curriculum blueprint, have sound validity and fidelity, be able to delivered and marked in an uncomplicated manner as possible and must be able to withstand the rigours of potential legal challenge. Our data would suggest an examination based on the MEQ might not be able stand up to such critical review.
We have shown that for this exit examination the whole performed better than the parts, as was expected. What was unexpected was that the MEQ performed poorly in relation to its primary purpose, and in relation to our MCQ, despite a substantial effort on the part of our faculty to produce a quality MEQ examination. This suggests that formats such as the MEQ should be reserved for low-stakes processes or formative assessment. Given the practical difficulties of engaging a sufficient number of discipline-based experts in the development and marking of the MEQ we conclude that the MEQ is not worth the effort.
The University of Adelaide's MBBS programme has since dropped the MEQ paper from its exit examination and is evaluating in its place the Script Concordance test.
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